Spectroscopic studies of mechanically exfoliated monolayer MoTe 2 was performed over a wide temperature range from 4.2 to 300 K. At a low temperature, the photoluminescence (PL) spectra for monolayer MoTe 2 showed two sharp peaks for excitons and charged excitons (trions). The homogeneous linewidth of the exciton peak broadened linearly as the temperature increased. This linear linewidth broadening was caused by acoustic-phonon scattering of the exciton, i.e., shortening of exciton dephasing. The broadening factor due to exciton-acoustic-phonon interactions was found to be 0.11 meV/K. This small value for the exciton-phonon coupling coefficient and the lack of a Stokes shift suggest that exciton-phonon interactions in monolayer MoTe 2 are in the weak coupling regime.
Recently, atomically thin layered transition-metal dichalcogenides (TMDs) in the form MX 2 (M = Mo, W, X = S, Se, Te) have attracted much interest from the viewpoints of their fundamental physics and potential applications 1, 2 . The characteristic optical features of semiconducting two-dimensional (2D) TMDs arise from bound electron-hole pairs (excitons) confined in their atomically thin layers, which play important roles in optoelectronic device applications 3, 4 . Optical studies of
TMDs have mainly focused on the model systems MoS 2, WSe 2 , and MoSe 2 2,5,6 .
Newly studied molybdenum ditelluride (MoTe 2 ) is also TMD that has attracted emerging research interest because of its novel optical properties, including optical gap energy (lowest exciton transition) of 1.09 eV, which is in the near-infrared region 7, 8 . Compared with other Mo-related TMD semiconductors (MoS 2 and MoSe 2 ),
MoTe 2 also has a stronger spin-orbit coupling of 250 meV 7 , which may result in a longer decoherence time for valley and spin degree of freedoms 9, 10 and therefore enable its use in valleytronic devices.
The energy and phase relaxation of excitons influenced by phonon scattering processes is an important issue in the study of low-dimensional semiconductor physics 11, 12 . Indeed, the energy relaxation of excitons in TMDs has been studied by transient absorption and photoluminescence (PL) spectroscopy 13 . However, the mechanism of exciton phase relaxation in TMDs remains unclear because it is difficult to obtain information on exciton dephasing time (or the intrinsic peak linewidths in optical spectra) in well-studied MX 2 TMDs (M = Mo, W, X = S, Se) 4, 14, 15 these monolayer TMDs are unintentionally heavily carrier (electron or hole) doped and thus have relatively complicated optical spectra with overlapping exciton and charged exciton (trion) spectral peaks 16 . In contrast, MoTe 2 is a relatively low-carrier-density semiconductor 16 , which enables the precise determination of its optical spectrum and evaluation of the optical spectral linewidths for excitons. reported result 7 . The formation of monolayer MoTe 2 is also experimentally confirmed determining the height profile of a sample using AFM.
Temperature-dependent PL spectra for monolayer MoTe 2 , for which the layer number was confirmed by Raman analysis, as shown in Fig. 1(a) , were then obtained from 4.2 to 300 K and are shown in Fig. 2(a) . The PL spectrum at 4.2 K has two prominent peaks at 1.19 and 1.17 eV as well a peak due to the Si substrate at 1.10 eV.
The two peaks are assigned as emissions from excitons (X) and charged excitons (trions X -), respectively 8, 18, 19 . The energy separation between the exciton and trion peaks is approximately ~20 meV, which is lower than that in other TMD materials 14 .
For monolayer MoTe 2 on a quartz substrate, only a PL peak at 1.18 eV attributed to exciton recombination is observed at 4.2 K, (see the Supporting Information, Fig. S1 ).
The relative PL intensity of the exciton and trion peaks varied from flake to flake on the same substrate and on the two different substrates (SiO 2 /Si or quartz) because the doped carrier density changes depending on the degree of charge transfer from the substrate to monolayer TMDs 20 . The observed PL peaks broadens and shifts to lower energies with increasing temperature. The PL spectra were analyzed using spectral fitting procedures in order to evaluate the energy positions and spectral linewidths. 
where T is the temperature of the monolayer MoTe 2 , α and β are parameters, and E ex(tr) (0) is the spectral energy position of the excitons (trions) at the zero temperature between exciton absorptions and PL peaks, namely the Stokes shift, is another measure of exciton-phonon coupling and can be used to confirm the strength of exciton-phonon interactions 26 . Thus, we measured the differential reflectivity spectra for monolayer MoTe 2 on a transparent quartz substrate (see Supporting Information, Fig. S1 ) which are close approximation of the absorption spectra 7 . Note that the exciton peaks in the differential reflectivity and PL spectra appear at the same energies, indicating a very small Stokes shift of less than 1 meV (see Supporting Information, Fig. S2 ). The very small Stokes shift also suggests that the excitonphonon interactions in monolayer MoTe 2 are in the weak coupling regime, which is favorable for applications that require longer exciton coherence times 27 .
In summary, we studied the PL and differential reflectance spectra for mechanically 
